We have measured the longitudinal beam impedance of a typical pulsed magnet that will be used in the Advanced Light Source. The magnets are of a ferrite window-frame design with a single plate conductor on each side. Two separate power supplies are used to drive current in opposite directions in the two conductors. The continuity of the ferrite yoke is interrupted by two copper plates 1 mm thick in the center of the top and bottom of the window frame.
Introduction
We want to determine the beam impedance of various devices that will be in the ALS beam line. Some of these introduce substantial discontinuities in the wall of the beam pipe, and may contribute large beam impedances. Examples are the kicker magnets and the accelerating cavities. We utilize some simple models that predict beam impedance qualitatively for some of these devices, and we want to confirm their correctness 8s well as determine actual values of magnitude and frequency.
Hardware
We have measured a first-generation prototype of a typical kicker magnet. This magnet has a ferrite window-frame design with a 5 mm x 44 mm conductor on each side. The power supply drives cumnt in opposite directions through the conductors. The high permeability of the ferrite, together with the geometry, result in a nearly uniform magnetic field across the magnet aperture. The symmetry of the magnet allows us to insert 1 mm thick copper barriers in the ferrite path at the top and bottom on the centerplane. See Figure 1 . These plates have very little effect on the magnetic field when driven from the windings, but increase the reluctance of the magnetic path to flux due to current along the beam path.
In this version of kicker magnet, each conductor is connected b a separate energy storage device through a thyratron switch. Since the thyratron switches are normally off when current is circulating in the synchrotron, the winding is loaded only by the paxallel capacitance of the winding and the thyratron circuit. We have added resistors in parallel to damp the resonances that result. One might expect the windings to act as shorted transmission lines with a series of resonances at multiples of the quarter wavelength, but because the ferrite is increasingly lossy above 4 MHz. the higher frequency resonances are damped.
Measurement Procedure
To simulatc the beam we put a 1/8" rod along the beam path which togethcr with the magnet constitutes a 185 ohm transmission line. The rod is matched by a metal film resistor in series with a 50 ohm SMA connector. This resistor was later measured to be 132.8 ohm. The input end of the rod is also connected to an SMA connector. A 300 kIIz to 3 GHz network analyzer was used to measure the value of S21 through the magnet. 
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The values of the real and imeginary parts of 2 calculated from this equation are shown in Figure 3 . The real part has a maximum of 14 ohm at 11.5 MIIz and a minimum of 4.5 ohm at 27 MIIz. It levels off at about 7 ohm up to about 50 MHz. The imaginary part peaks at 9 ohm at 6 MHz, goes to a minimum at 1 1 MHz, and then increases with frequency. The beam pipe through the kicker magnets w i l l be made of ceramic to allow the pulsed magnetic field to penetrate. It w i l l have an evaporated metal coating of between 10 and 16 ohms per square. This is a cornprornise between letting the high frequency components of the bending field penetrate in. and preventing the high frequency components of the beam excited field from getting outside the beam pipe With 16 ohms per square, the resistance of the beam pipe will be about 11 ohms. We estimate that the bending field will be suppressed about 1%. with a .2% variation in field inside the pipe.
The mtal coating acts like a resistancc in parallel with the rest of the magnet circuit, and it causes a roll off of beam impedance starting at about 10 MHz
We estimak the effect of the metallized beam pipe by adding an 11 ohm resistor in parallel to the equivalent circuit as shown in Figure 5 . The undesirable impedance of the magnet above 10 MHz is shorted by the w e 1 resistance of the beam pipe. See Figure 8 .
We expect a m m u m high frequency beam impedance of 11 ohms, and a damping of low frequency x t " c e s . Another version of the kicker magnet is being constructed in which a transformer drives one conductor positive and the other negative. Measurements of beam impedance will be made on this T t when it is available. We also expect to measure the magnets wi ametallid glass pipe to simulate the actual ceramic pipe.
